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AllSTRACT 

Although there is a general similarity in the basic structure of the_ poison 
apparatus in h}menoptcrous insects, there are individual characteristics that 
may be significant to an understanding of phylogenetic relationships between 
and within the various groups. In all members of the subfamily Poncrinae 
investigated, wiJ. the exception of one species, a scleritc known as the 
furcula is present. The form of this scleritc varies considerably among 
species of this subfamily and most stinging members of other subfamilies. 
The furcula is lacking in members of the Dorylinae, 4 members of the 
Cerapachyinae and one member of the Ponciinae examined. An explanation 
of the significance of this and other sclerites, as well as comments on the 
soft parts of the poison apparatus are presented. An examination of the 
sting sclerites of Old and New World Dorylinae indicates that there is some 
morphological distinction between certain groups within that subfamily. 

Key Words: Poison apparatus, Formicidae, ants, evolution of ants, mor- 
phology, phylogeny. 



Introduction 

Tlic phylogenetic placement of subfamilies in the family Formicidae has 
received much attention in the past (Brown 1954; Eisner and Brown 1958; 
Wilson, Carpenter and Brown 1967a, 1967b). Ants, according to the 
presently accepted phylogenetic scheme, presumably arose from a tiphioid 
ancestor through two lines of evolution (Ti.Iyrmccioid and Poneroid Com- 
plexes). Further evidence has shed some light on an understanding of 
the relationship between myrmecioid ants and wasps through the discovery 
of Sphccoinyrma jreyi Wilson, Carpenter and Brown, the most primitive 
formicid known to science. 

Within the Poneroid Complex, little information has been presented in 
support of any close relationships between the subsequent subfamily groups. 
Some evidence has been provided in support of the theory that the Ponerinae 
and Dorylinae may have had a common ancestor (Wilson 1958; Hemiana 
and Blum 1967b; Hermann 1968c). In the past, members of the Cera- 
pachyinae have been considered to be closely related to the Ponerinae 
(Brown and Nutting 1950; Brown 1954). Robertson (1968) presented some 
interesting findings concerning these and some other ant subfamilies in her 
work on Australian Hymenoptera. The present investigation was initiated 
as part of a comparative study of the hymenopterous poison apparatus in 
some members of the Ponerinae, Dorylinae and Cerapachyinae. 

M.\TURtALS AND METHODS 

Whenever possible, live material was used. However, inany specimens 
were taken from preserved laboratory collections while the more uncommon 
species were procured from dry, pinned material. Specimens were dissected 
and treated in the manner outlined by Hermann and Blum (1966). All 
measurements for illustrations are in millimeters. 
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Ri'.sri.TS 

rhc inipon.ip.jo k^l' u>ii"iu live s|iocinicns. cspccialh when frc-sh!y collected 
in ihx licKi. cannot be oxcremphasized. U is extremely diflk-ult. and often 
iniposNiJMe. to ii]\evtiyate the ^ot"t parts of the poison apparatus, particularly 
I'le free filamems, frvMU jircserved malerial. '1 liis is. no doubt, what caused 
some iinesiiu.aors to conclude that the free filaments in certain ant species 
.ire absent during some periotis of aikilt existence. Because fresh specimens 
were not alw.us av.iilaiile for examination in this investigation, the .soft 
j\uts of ni.iny species haxe not been included in illustrations. 
■ In ilie study of muscle attachments, dried specimens arc often superior 
to freshly coHected or preserved malerial. This is due to the brown colora- 
tion that manv muscles assume when they become dried. The brown 
ai^pearance in whole mounts facilitates observations on muscle origin and 
insertion ih.it may otherwise be extremely difficult. 

Soft Parts of the Poison Apparatus 

Due to the un.nailability of live members of the Ccrapachyinae. informa- 
tion concerning the soft parts of their poison apparatus is lacking in this 
investigation. 

Poison Sac f--:;:: .\cid Gland -- N'enom Reservoir, PS. Fig. 1. A — E).— 
in genercii. tlie poison sac in ponerincs and dorylincs is elongate and often 
pear-shaped in appearance. .As has been pointed out in previous articles. 
this sac functioiis as a reservoir for venom until it is empioycd during the 
act of stincing. 

Coavoluled" Gland (CO, Fig. 1, A -^- C, E). — The convoluted gland 
in members of the Ponerinac and Dorylinae has been discussed by Hermann 
and Blum (1966. 1967b). This gland in all ants, other than the Formicinae 
filermann and Blum 1968), seems to be located within the poison sac 
and is composed of polygonal cells that border small ductules. The ductules 
empty into larger ducts that in turn empty into the poison sac. The con- 
voluted gland attaches to a duct (CD) that passes basad in the sac, exits 
as a single duct from the sac and finally branches into two filamentous 
structures known as the free filaments (FF). 

Dufour's Gland ( -- Alkaline Gland, DG, Fig. 1, A, B, D). — Dufour's 
gland in the Poncrinae and Dorylinae is generally an elongate sac of 
cuboidal and or columnar cells. Except in some myrmicine species, the 
function of this gland is not well known. In species of the genera Solenopsis 
Westwood and Phcidok Westwood, Dufour's gland has been shown to be 
the source of a trail following phcromone. No function has been attributed 
to the products of this gland in any other formicid genera. 

Free Filaments (FF, Fig. 1, A — C, E, F). — The free filaments branch 
from a common duct (CD) that extends from the base of the poison sac 
in the ponerincs and dorylines examined. Although earlier .studies of 
RliyiidopoiH-ra nwHiHica F. Smith and Stigmatoinma pallipex (Haldcman) 
indicated that the filamtJnts extended from the sac apex (Whelden 1958a, 
1958b), I ha\e found that the filaments of these and other members of 
the Ponerinae extend from the base of the sac. This was also the case in 
dissections reported by Robertson (1968) on members of the Ponerinae. 

The filaments usually maintain a relatively uniform diarjietcr throughput 
their length in both subfamilies. HowcveV, the possession of uniform fila- 
ments is not a distinct character of all ponerine ants, as was shown for 
U'pto;;enys doiv^dta (Buckley) by Hermann (1969). The filaments possess 
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Fig. 1. — Some soft parts of poison apparatus and lateral views of 
gastcrs. A — Poison sac and Dufour's gland of LciHOi;;en\s doiigatii (Buck- 
ley) (LV>. C — ^ Poison sac of Ncivainyniwx ii!i,'irsc\'i!s (Crcsson) (LV). 
D — Poison sac and Dufour's gland of Nt'iramyniw.x nign-scciis (VV), E — - 
Poison sac of Rhyiiiloponcra niciallica F. Smith U-V)- F — Branching of 
the free filaments in Nciraniyrmt'x nigrescciis. G— Caster of Oiiyclioinyr- 
luc.x hc<lh-yi Emory (LV), illustrating extended sting from posterior region 
of gaster. H —- Caster of Tcrmitopom- conniuitatii Roger (L\'). illustrating 
ex.sertile sting. 
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a central lumen that is lined by simple cuboidal to columnar cpilheUiim. 
Branching oi the filaments has been found in most hynienoptcrous species, 
iiickkling memlx'rs of the Ponerinae and Dorylinae. 

Skeletal Components 

The gona.pophyses that make up the sting in si^ecics of the Ponerinae and 
Cerapaehyinae are usually exsertiic (proiiuding from the posterior region 
of the gaster) (Fig. 1, G, H) while the stings of doryliiic species arc often 
insertile {positioned fully within the gaster). An exsertilc or cxtnisibic sling 
is usually a character shared by primiti%'c formicids such as members of 
the Nf\rmeciinae and Ponerinae, Such is the case also in Anciirctiis simoni 
lunery (Hermann 196Sb). The insertile condition in dorylincs is well 
illustrated in Old \\'orld species. Sclcrites that make up the poison apparatus 
have arisen from the 8th, 9th and 10th abdominal segments and their 
gonapophyses. .-Mi of the sclerotizcd parts of the poison apparatus are 
paired stnicturcs except the sting, furcula, anal arc, anal pad and some- 
times the spiracular plates. 

First Valvifers (=: Thirst Gonocoxac = Triangular Plates, TP, Figs. 2, 
3, 7, 8). — -The shape of the first valvifers varies considerably throughout 
the llymenoptcra, although they are easily recognizable as triangular plates 
in all specimens whether the poison apparatus is well developed (as in all 
stinging forms) or extremely reduced (as in the Doiichoderinae and 
Formicinae). Each of these structures, synonymous with the gonangulum 
of Scudder (1961), is an important sclcrilc in stinging llymenoptcra since 
it is responsible for alternating movements of the lancets. In general, there 
has been some modification of the triangular "plates throughout the Hy- 
menoptera, which has resulted in a diverse array of structures illustrated 
in the accompanying figures. The triangular plate in Doiylus {Anomina) 
inolestus (Gerstaccker) (Fig. 3, E) has undergone reduction. These struc- 
tures are usually elongate in some of the Dorylinae and reduced consider- 
ably in the Doiichoderinae and Formicinae. Although diversification is well 
demonstrated in the triangular plates of various hymcnopterans, the area 
of most sclerotization is in the regions of articulation with the _quadrate 
and oblong plates. 

The first and second rami (Ra 1 and Ra 2), representing the basal regions 
of the first and second gonapods, are very long and considerably flexible 
and their shape depends on the position of associated sclerites (i.e., whether 
certain muscles are contracted or extended). The flexibility of the ratni 
aud varjing degree of contraction of the muscles in preserved specimens 
results in the sclcrites being found in a number of positions when the ants 
are dissected. 

In all respects, the triangular plates have maintained the same relative 
relationships with other sclerites in all of the species examined in this 
and previous investigations. Their close relationship with tlie oblong plates 
is illustrated for Eclton hamatitm (Fabricius) (Fig. 7, B). 

First Vah'ulae (—First Gonapophyses =r Lancets, Ln, Fig. 3, E). — 
Lancets were present' in all of the hymenopterous insects examined, although 
they were reduced in some of the Dorylinae. Reduction of the lancets in- 
volves loss of the valve (Va), a stnicture that functions during venom 
release. Less of the value has occured in Dorytus (Anoinina) mohstus and 
some myrmicines (e.g., Atta texana (Buckley) and Alta cephalotes--(L.)). 
All stinging species examined possessed this sclerite. 
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Fig. 2. — Poison sclerites of some Poncrinac (LV). A — Leptogeriys 
elonguta. B — Ncoponera- villosa (Fabricius). C ~ Termitoponc coinnmtata. 
D — Amhiyopone aitstraUs Erichson. B, — Onychomyi-mex hedleyi. 
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UMK'.ily. the Ui>t.il iip of the hmcets in stinging Hyinciioptera possesses 
^c^cr.il h.iibs that generally fiinetioii in eutting the woiimi in order to 
insert ib.e ^ting. These barbs arc generally present in tlic Poncrinae but not 
in the Oorylinae. The distal lip of the lancet of Doryliis {Aitoitiimi) 
uioUsms is nienibranous. 

SeeoiKi \'al\ iters { — Second Gonocoxac -— Oblong Plates, OP, Figs. 2, 

3. 7. S). — Oblong plates seem to be present in all hynienoplcrons insects, 
alib.ough their rami and vahiilae may be reduced or absent in the Doli- 
choderinae and Formicinac. They are always elongate, slender structures. 
Near tb.e point of articulation with the triangular plate there arc a number 
of setae thai presumably serve a sensory function when the two scleritcs 
articulate witli one aiiother. 

Muscles 3 (deflecting muscle of the sting) and 4 (rotating or pivoting 
muscle of the sting) originate on the oblong plate and insert on the furcula 
in most members of the Poncrinae. In the IDorylinac, Cerapaclninae and 
Siniopcitu ocuhiia Gotwald ;uid Brown of the Poncrinae in this investiga- 
tion, these muscles insert on tlic anterior extension (New World Dorylinae 
and S:iiu>pchii) or merely the anterior region of the sting bulb (Old World 
Dorylinae and Cerapachyinac). 

Second \'aivu!ae (--Fused .Second Gonapophyse.s = Sting. ,St, Figs. 
2-S). — The siing consists of a proximal sting bulb (SB) and distal sting 
shaft (SS). It is usually an extremely slender structure but in some of the 
Old World dorylines (Fig. 8, G-I) the sting takes on a broad spatulate 
appearance. A number of nonstinging myrmicincs possess a sting of this 
latter type. 

The anterior region of the sting in most poncrines articulates with the 
two \entral apodemcs of a furcula (Fu). This latter structure functions in 
deflection and rotation or pivoting of the sting (Hermann and Blum !967b, 
Hermann 1968c) and therefore serves an important role during the stinging 
act. .All members of the Dorylinae (Fig. 3, C, H; Figs. 4-7; Fig. 8, D. 
G— J) and Ccrapachyinae (Fig. 8, A — -C, F) and Simopeha ocidata 
(Fig. 3. D) in this investigation lack a furcula. 

The shape and size of the sting varies considerably among hymenoptcrous 
species. .An extremely well developed and specialized sting is fouiid in tlte 
Mutillidae (Hermann i968a) whereas it has been lost in the Formlcinae 
(Hermann and Blum 1968). Generally, ponerincs, some dorylines and 
cerapachyines of the Formicidae possess a relatively large sting, whereas 
some members of the two latter groups possess relatively small ones. Within 
the Dor)iinae there is some distinction between the stings of the genera 
Aeniaus. Doryhts, Lahidus and the other groups investigated. The stings 
of species of Ec'iton, Neivamynnex, Cheliomyrmex and Noituunyrmex all 
possess a well developed anterior extension of the .sting bulb (Figs. 3, H; 

4, A, C, F, G; 5; 6; 7; 8, D). The anterior end of the sting bulb in Labidus 
appears to be somewhat truncate (Fig. 4, B, E). The sting of Dorylus 
(TypMopone) sp. (-'Fig. 8, G), Dorylus (Dorylus) hraunsi Emery (H) and 
Dorylus (Anomma) molestus (I) ail are broad in appearance except 
distally. These three subgenera of Dorylus possess anterolateral extensions 
of the sting bulb rather than a single anterior extension. Muscles 3 and 4, 
ncverthlcss, attach to the anterior region of the sting l^ulb. Aenjctus gracilis 
(F. Smith) has a sting that is relatively thinner than the sting found in 
Dorylus (H) (Fig. 8, J). The sting of A. gracilis has anterolateral cxten- 
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Fig. 3. — Poison scleritcs of some Poncrinae, Dorylinae and Cera- 
pachyiiiac. A — Furcula and anterior region of sting bulb of Neopoiwra 
viHosa (DV). B — Sting of Sphinctomynnex steinheili Forel (DV), illus- 
trating lack of furcula. C — Sting of Ecitoii diilciiis cmssinode Borgnieier 
(DV). D — Siiiwplcta oculata (LV), illustrating anterior sting bulb ex- 
tension and insertion of muscles 3 and 4. E — Lancet of Doryhis {Aiwm- 
ma) inolcstus (Gerstaecker) (LV). F — Distal tip of sting of Simopelta 
ocuhita (LV). G — Furcula and interior region of sting bulb of Terimto- 
ponc cominiitatu Roger (L & DV). H — Stiug of Neivamynncx posicari- 
natiis Borgnieier (DV). 
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sions and inusclcs 3 .nid 4 insert on the anterior region of the sting bulb. 

Tlie di'-t.il lip of tb.e sting is generally a simple pointed structure. How- 
ever, in Sinioih'hd oculata. {he tip expands distally after a gradual posterior 
taper (.Hermann 19oSc). 

Third N'ahulae (-: Gonostyli, Go, Figs. 2, .3, 7, 8). — In many species 
of the Hynienoptera, each gonostylus is separated into distal and pro.ximal 
sclerites by a narrow nonseleroti'/ed region and usually by a peripheral 
eon-trietion. The distinction between proximal and distal portions is well 
illustrated in the Ponerinac in this investigation (Fig. 2), but not in the 
Cerapachvin.ie and Dorylinae (Fig. 7, C, D; Fig. 8, D, J). The significance 
of proximal and distal gonostylar sclerites seems evident in some insects 
with modified stings (Hermann 1968a) but not in most hymcnoptcrous 
species. 

Fulcral Arms (F.\, Figs. 2, 3, 7, 8). — The ba.scs of the fulcral arms 
are usually broad and well sclerolizcd, and the distal tip usually tapers to 
a point. .'Vt their basal point of articulation with the sting, they act as 
points of pivot for the deflection and rotation (Ponerinae except Siinopclta) 
a-id pivoting (Dorylinae, Cerapachyinae and SiniopcUa in the Ponerinae) 
of the sfing^upon contraction of muscles 3 and 4. These arms also act as 
points of origin for muscles that close the' poison canal within the sting 
(Hermann and Blum 1966). 

Quadrate Plates (=-. 9th Hcmitergites, QP, Figs. 2, 3, 7, 8).— These 
plates usually have a well sclcrotizcd central bar with less .sclerotizcd mar- 
ginal wings. Ihe dorsoposterior end (distal tip) forms a T-shaped apodeme 
That receives the protracting and retracting muscles of the lancets. 

Spiracular Plates (=: Sth Hemitergies, SP, Fig. 2, B, E; Fig. 8, D).— 
The spiracular plates are usually joined to each other by a dorsal bar. 
Whether a well sclerotizcd bar is present or absent, the 8th hemilergites 
always possess membranous connections with each other. The spiracular 
plates act as points of insertion for muscles that raise and lower the 
entire apparatus. 

Anal Arc (=: 10th Tergite, AA, Fig. 2, 3, 7, 8). — This stmcture, repre- 
senting the tenth tergum, has been found in all ants and is associated 
ventraTly with an ana! pad (AP) that hangs ventrad toward the gonostyli 
and sting. The function of the anal pad is not known; These structures 
arc often not well sclerotizcd and at times are difficult to examine in detail. 

Furcula (Fu. Fig. 2, A — E; Fig. 3, A, G).— This stmcture has been 
found in many hymenopterous insects. In the Dorylinae, Cerapachyinae and 
in Siinopelta oculata, it seems to have fused with the sting bulb in the 
course of evolution (Hermann 1968c). A furcula has been found in all 
ponerine species, except Simopeha oculata, and the form of this sclerite is 
quite diverse. Its two ventral apodemes articulate with the anterior region 
of the sting bulb and during contraction of muscle 3, the furcula is forced 
postcriad to move the anterior region of the sting postenad and slightly 
dorsad. The sting pivofs at the points of articulation with the fulcral arms, 
causing the distal tip of the sting to be deflected. In the Dorylinae and 
Cerapachyinae, muscle 3 functions in the same manner. In most sncmbers 
of the Ponerinae, muscle 4 contracts, causing the furcula to rotate from 
side to side and in turn causing the sting to rotate. In the Dorylinae, Cera- 
pachyinae and Simopeha (Ponerinae) in this investigation, there is no 
furcula and muscle 4 inserts on the anterior region of the sting bulb. Con- 
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Fig. 4. — Stings of some Now World Dorylinae. A — Neivamyrmex 
whecleri (D\').B — Labidiis coccus (Latrcillc) (DV). C and D — 
Nomainyrmcx hartigi (^^'c.st\vood) (L & DV). E — Lahidiis spininoiiis 
(DV). F & G~Eciton Iticaiioiihs (Emery) (D & LV). 
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ir.iction of ihi'i niusclo in ihosc sjiocics results in a pivoting action by the 
sting, riie points of articulation between sting anj fuleral arms which act 
a.s pivoting points for sting deflection, also act as pivoting points for lateral 
movement of the sting upon contraction of muscle 4. 

Discussion 

Ihe relationship between jionerincs and dorylines lias been discussed to 
some degree by Hermann and Blum (l<)67b) and Hermann (1968c, 1969). 
Obvious behavioral similarities between the two subfamilies (nomadism and 
group predation) have been reviewed by Wilson (1958). The ant species 
hi these subfamilies, together with the Cerapachyinae, Myrmicinae and 
I.eptanillinae, make up what Brown (1954) calls the Poneroid Complex. 
.■\ltliough Robertson (1968) challenged Brown's scheme in her work on 
some of the major groups of the Hymenoplera, more work must be done 
before the pliylogenetic pattern is clearly understood. Much of Robertson's 
hvpotliesis originated from work on the soft parts of the poison apparatus 
(i.e., glandul.ir and reservoir regions), areas that do remain relatively 
stable in appearance in most ant subfamilies. I do not agree that the poison 
sac of species in the Formicinae is similar in any way with that of the 
Ponerinae except in the physiology and histology of the various regions 
and in that the free filaments extend from the base of the sac (Hermann 
and Blum 1968). Likewise, the sac of myrmicincs is different from that of 
ponerines and members of the subfamily Myrmcciinae. At this juncture, 
I have found only slight differences between the glandular and resei-voir 
regions of the Ponerinae and Myrmcciinae. 

The filaments of ponerines, dorylines and myrmeciines are generally 
extremely slender; they vary only slightly in diameter from the proximal 
to the distal regions and there is a common duct extending from the sac to 
the forked filaments. These characters are shared by members of the 
Formicinae. However, the convoluted gland in formicine species is not 
invaginated into the sac as it is in species of all other subfamilies. Species 
of the Pseudomyrmccinae possess a common duct as is found in the 
former subfamilies but the filainents do not maintain a uniform diameter 
throughout their length. Members of the Dolichoderinae possess glpbate 
filaments that lie adnate to the sac and have no common duct extending 
from the sac. Myrmicine ants possess filaments that branch at the surface 
of the sac, and thus lack a common duct, and the filament diameter in- 
creases from the proximal to the distal region. Although there is considerable 
variation among these stmctures throughout the Forinicidae, the general 
plan of the venom producing and storing systems consisting of a sac, 
convoluted gland and filaments is quite similar in function in all ants 
(Blum and Hermann 1969). 

The cerapachyines have long been considered closely related to the 
ponerines (Brown and Nutting 1950), and although several cerapachyine 
genera produce normal winged or crgatoid females, at least one genus 
{Acanthosiicbus) proditces dichthadiiform females, a doryline character. 
Based on poison apparatus morphology in this investigation, the Cera- 
pachyinae seem not to be as closely related to the Ponerinae as was once 
believed. Cerapachyines, at times, have been considered transitional stock 
between the Ponerinae and Dorylinae (Brown and NuUing 1950), sug- 
gesting that dorylines may have arisen from cerapachyinelike stock. How- 
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Fig. 5. — Stings of some species of the genus Ncivamyrmex. A & B — 
A^. opacithora.x (Emery) (D & LV). C & D — N. caroUnensis (L & DV). 
E & F — .V. pUoms (F. Smith) (D & LV). G & H — N. gibbatus (Borg- 
meier) (L & DV). 
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c\cr. cer.ip.io'n incN >1hiw vcsliyial !o!;s ami more advanced reduction in 
will;; xcti.uion ihaii the OorNlinao (Brown 1<)54). 

in this study, it is apparani that there are some anatomical similarities 
between ih.c poison aj^paraiuses of tlie Cerapacliyiiiae and Dorylinac. None 
of tb.e species oi either subf.nnily has a furcula and al! possess the iwo 
muscle groups normally inserting on the furcula in most Ponerinac. Based 
on these data, then, cerapaeininc stock (5, Fig, 9) should have parted 
from the ponerinc line al about tiic same time as the dorylincs or shortly 
aftenvard. indicating that dorylincs may very we!) have arisen from ccra- 
pacluinelikc stock or the two groups very likely could have a common 
ancestor. 

Based on both morphological and behavioral data, there seems to be no 
doubt that cerapachyines. dorylincs and poncrines are closely related. The 
question is how they are related to one another in an evolutionary scheme. 
Since not much is known about cerapachyinc behavior, it is didlcult to 
ilctcrminc how they fit into this scheme bchaviorally. Wilson (1958) out- 
lined specific esolutionary steps probably taken by doryline groups in tlicir 
acquisition of group-predatory and nomadic traits, dt was assumed at that 
time that poncrines exhibiting these traits also probably followed the same 
evolutionary sequence as did the dorylincs. A further implication arising 
from these data is tliai the Doryllnae may have arisen from a ponerinclike 
ancestor and consequently would have a direct connection with that sub- 
family. However, at that time this latter hypothesis needed more sup- 
porting evidence. 

The presence of a furcula in most poncrines should certainly separate 
them by a considerable gap from the cerapachyines and dorylincs, although 
this does not mean that these groups are not related. The fact that Simopdfa 
oculata does not possess a furcula but does possess the muscles (3 & 4) that 
insert on the sting bulb seems to indicate that there may be some connection 
between the furculate and nonfurculate groups although this loss of a 
furcula may have arisen in later convergence. According to Gotwald and 
Brown (1966) and Hermann (1968c), Slmopeha oculata is distinctly dory- 
linelike morphologically and bchaviorally. It sceins that Siinopclta may 
indeed be considered an important genus in future work concerning the 
phylogcny of doryline and ponerine ants. 

Intrasu'bfamily differences in the Dorylinae seem to indicate that there 
are 4 distinct types of stings present (Fig. 9). These are 1) the broad, 
spatulate sting of the Dorylini (10) with extensive anterolateral extensions 
of the sting bulb, 2) the relatively slender sting of the Aenictini (II) that 
possess less well-defined anterolateral extensions of the sting bulb, 3) the 
sting of Cheliomyrmicini and most Ecitonini (12) with a well defined 
anterior sting bulb extension and 4) the antcriorally truncate sting of 
.species of Labidus (13). Borgmeier (1955) considers Labidiis to be the most 
primitive ecitonine. Based on previous anatomical evidence, Neivamyrmex 
and l^omamyrmex ^iirc considered closely related to Labidus and these 
genera are in turn 'related to Eciton. Laboratory tests by Watkins (1964, 
1966, 1967) indicate that there is some intergeneric trail following between 
Eciton, Nei.xninyrtuex and Labidus, indicating that, in part, there is some 
chemical similarity among these ecitonines. There is also some indication 
that similar niyrmecophilous insects. may be associated with' Nbmmnynnex 
and Labidus (Akre and Rcttenmeyer 1966, Rettcnmcycr 1963). Since only 
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pi„ 6 — StuT's of some species of the genus Ncivann-nncx. A & B - 

N. j::,uiciu,n,sn\D & LV). c & D - .V. ''^'■-"'"- .(L/^;,^y)^j^/^ ^■ 

N. aiiilis (D & LV). G & H — N. lutmilis (.Borgnieier) (L & DV). 
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one sjiccics of Xotiiinnyinu'x was cxmiiincd in this invcstigalioii, a more 
tl;orou!;li in\csiigalioa of this genus and Lnhiihis may rcvea! a closer 
connection between the two genera. However, at this time, the anterior 
end of the sting of the species here representing the two genera is different. 
However, the general diameter \ersus length of the entire sting in all 
New World dorylines seems to be much the same. 

Based on poison apparatus morphology, I believe that there can be no 
mistake in the difference between Old and New World dorylines. Only 
members of the Dorylini and Aenictini in this ijivcstigation possess a con- 
cave anterior border of the sting bulb and anterolateral extensions. Although 
these two features are common characters between these two tribes, their 
stings are considerably different from each other. The sting of Aenictis 
in no other way, except in general composition, resembles that of Doryhts. 
In conclusion, the theoretical evolution of the Ponerinae and certain 
members of the Dor\Iinae and Cerapachyinac, based on sting anatomy and 
some behaxioral information, may be best represented by a cladogram as 
illustrated in Fig. 9. A separation arose between the Ponerinae and Dory- 
linae at the time of or before fusion between the furcula and sting bulb 
occured (4 and 7). Fusion between these two areas in Sitnopcha ocidata 
(6) probably occured a little later than the separation between the two 
subfamilies. Separation between cerapachyines (5) and dorylines pre- 
sumably occured later. The next large evident break is in the Dorylinae, 
between New and Old World groups (8 and 9). In most New World dory- 
lines (S), the sting bulb possesses a definite anterior extension whereas the 
old world species lack this character but possess anterolateral extensions of 
the sting bulb (9). A later separation occured between the tribes Dorylini 
(10) and Aenictini (11) and a distinction between the two is evident in 
the gross appearance of the sting itself. The sting in the Dorylini is widely 
spatulate whereas that of Aenictus is slender and more typical of a 
stinging ant. 

In the New World dorylines (8), the only distinct difference in stings is 
between Labidus (13) and the other genera examined (12). This difference 
is based on the slightly different appearance of the anterior end of the 
sting bulb and may be a superficial difference since behavioral and chemical 
evidence supports a closer relationship between Labidus and some of the 
dorylines in the other group. 

Abbreviations Used in Figures 

A A Anal arc 

AE Anterior extension of sting bulb 

A-L E Anterolateral extension of sting bulb 

AP Anal pad 

Br Branches of free filaments 

CD . Collecting duct 

CG ' Convoluted gland 

DA Dorsal apodcme of oblong plate 

DG Dufour's gland 

FA Fulcral arms 

FF Free filaments . 

Fix Pt Point of flexion 

Fu Furcula 

Go Gonostylus 
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Pig 7 _ Sclerites of some New World Dorylinae. A — Anterior region 
of sting of Eciton drepanijomm F. Smith (DV). B —Triangular and oblong 
plates of Eciton hamatum (Fabricius) (ILV). C — Eciton cirepaniforum 
(LV). D — Eciton vagans (Oliver) (LV). E — Anterior region of stmg 
of Eciton rapa.x F. Smith (DV). F — Sting of Eciton hamatmn (VV). G — 
Sting of Nonumiynncx escnbccki (Wcstwood) (DV). 
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1 ,11 l..'.!K"Ct 

Ml) M.iin Jiict of poison snc 

OP OWong 

PS i'oison sac 

QP Qu.Kiratc plate 

Ra 1 R;unus of first valvifcr 

Ra 2 Ramus of second valvifer 

SB Sting bulb 

Se Sensory setae 

Sp Spiracle 

SP Spiracular plate 

SS Siint; shaft 

St Sting 

TP Triangular plate 

Va \'alvc 

\'A N'entrnl apodemc of sting bulb 

^^usctes: 

3 Deflector of sting 

4 Rotator or pivotor of sting 

II - VU Second tlirough seventh abdominal segments 
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Fig. S — Slings and some associated stnictures of some Ponerinae, 
Dorylinae and Cerapachyinae. A — Sting and associated muscles of a 
species of Acdi::':ostichus Mayr (DV). B — -Sting of Phyracaces bicolor 
Forel (DV). C — -Sting and associated muscles of Syscia typlila Roger 
(DV). D — Poison sclerites of Chclioinynncx /norosus F. Smith (DV). 
E — Anterior end of sting of Sphinctoniyrmex stciniwili Forel (LV). F — 
Sting and associated scleries of a species of Acanth.ostichus (LV). G — Sting 
of a species of Doryliis (Typhloporw) Fabricins (DV). H — Sting of 
Doryltis (Do/ylus) braiinsi Emery (DV). I — -Sting of Doryhis {Anomma) 
molestus (DV). J — Poison sclerites of Acnictis gracilis (F. Smith) (DV). 
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Choliomyrmox 

Eciton 

Wonici.r.yrniox 
Neivo Tivrmex 



Ponerinaa 




Poneroid Complex 



MyrmQcioid Complex 



Tiphioid Ancestor 

Fig. 9. ~ Possible evolution of some of the Ponerinae, Dorylinae and 
Cerapachyinae based on poison apparatus anatomy. Assuming a tiphioid 
ancestor, two major groups split off to form Poneroid (1) and Myrme- 
cioid (2) Complexes. Fusion between furcula and sting bulb led to the 
Dorylinae (4) and Cerapachyinae (5). Near the doryline — ponerine branch, 
Simopeha (6) split from the main ponerine stock (7). The Dorylinae (4) 
later split into two distiijct groups, the New World (8) and Old World (9) 
forms. Old World dorylines are represented by two forms, Dorylus (10) 
which has a definite spatulate sting and Aenictls (11) which has a sting 
most closely resembling that of a stinging species. New World dorylines 
split into two groups, one represented by genera having a well developed 
anterior sling bulb extension (12) and the other having a' truncate 'antel-ior 
end to the sting bulb (13). 



HliRMANN: r,vo!ulion;iry trends in ants 141 

IFcmiann, !!. R., Jr. 1068c. The bymemijitennis poison .'spparatus. Vll. 

Simopcha ociilaia ( Ihmcnoptcra: Forniicidac; Ponerinac). J. tJeorgia 

Entonioi. Soc. 3: I6.V6. 
Hermann, H. R., Jr. 1969. The hymenoptcrous poison apparatus. Vilf. 

Lcptoi^ciws clongiiia (Ihmenoptera: f-\)rmicidae). J. Kansas Hntomol. 

Soc. 42: 239-43! 
Hermann, H. R., Jr., and M. S. Blum. 1966. The morphology and histology 

of the hvmcnoplerous poison apparatvis. I. Parupoiwra duvata (Formi- 

cidac). Ann. Entomol. Soc. Amer. 59; 397-409. 
Hermann, H. R., Jr., and M. S. Blum. 1967a. The morphology and histology 

of the hymenoptcrous poison apparatus. II. Pogonoinynnex bacUus 

(Fonnicidac). Ann. Entomol. Soc. Amer. 60: 661-8. 
Hermann, H. R., Jr., and M. S. Blum. 1967b. The morphology and histology 

of the hymenoptcrous poison apparatus. III. Eciton hanntium (Fabri- 

cius). Ann. Entomol. Soc. Amer. 60: 1282-91. 
Hermann, H. R., Jr., and M. S. Blum. 1968. The hymenoptcrous poison 

apparatus IX. Camponotiis peunsylvanicus (Hymcnoptera; Fornii- 
cidac). Psyche 75: 216-27. 
Rettenmeyer, C. W. 1963. Behavioral studies of army ants. Univ. Kansas 

Sci. Bull. 44: 281-465. 
Robertson, P. I.. 1968. A morphological and functional study of the venom 

apparatus in representatives of some major groups of Hymenoptera: 

Aust. J. Zoo). 16: 133-66. 
Scudder, G. G. E. 1961. The functional morphology and interpretation of 

the insect ovipositor. Canadian Entomol. 93: 267-72. 
Watkins, J. F. 1964. Laboratory experiments on the trail following of army 

ants of the genus Ncivainyniwx (Formicidac: Dorylinae), J. Kansas 

Entomol. .Soc. 37: 22-8. 
Watkins, J. F. 1966. The attraction of army ant workers to secretions of 

their queens. Tex:\s J. Sci. 18: 254-65. 
Watkins, J. F. 1967. Laboratory studies on interspecies trail following and 

trail preference of army ants (Dorylinae). J. Kansas Entomol. Soc. 

40: 146-51. 
Whctden, R. M. 1958a. Additional notes on R. convexa. Ann. Entomol. 

Soc. Amer. 5 1 : SO-4. 
Wlielden, R. M. 1958b. Notes on the anatomy of the Forniicidae I. Stig- 

matoinma paUipcs (Haldcmaiin) Jour. N. Y. Entomol. Soc. 65: 1-21. 
Wilson, E. O. 1958. The beginnings of nomadic and group-predatory be- 
havior in the poncrine ants. Evolution 12: 24-31. 
Wilson, E. O., F. M. Carpenter and W. L. Brown. 1967a. The first Mesozoic 

ants. Science 157: 1038-40. 
Wilson, E. O., F. M. Carpenter and W. L. Brown. 1967b. The first Mesozoic 

ants, with the description of a new subfamily. Payche 74: 1-19. 

L Georgia Entomol. Soc. 4(3) July, 1969 pp. 123-41. 



Reprints of all papers on forest insects appearing in this journal are sent 
to the library of the Commonwealth Forestry Institute, Oxford, England for 
notice in Foiv.stiy Abstracts. .\ll papers appearing in this journal are also 
abstracted in Biolovical Abstracts. 



